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The production of alcoholic beverages, such as winemaking, has a long history, dating back well over 7000 years. The winemaking process is not vastly different to that used by the ancient Greeks and Egyptians. The main difference is This overview of wine microbiology will be limited to yeast and bacterial fermentations and microbiological spoilage by these microbes, and will not cover vineyard moulds.
Even though wine has been made for a very long time and the importance of fermentation was known, it was unclear until relatively recently (about 150 years ago) that yeast and bacteria were the vital drivers. Ancient winemakers knew of the significance of 'the boiling' during fermentation (from the Latin fevere, to boil).
With the development of the microscope by Antonie van Leeuwenhoek, the first yeast were observed, albeit in beer wort. In Focus
Yeast offer much more to wine than just the production of alcoholthrough their metabolism of grape compounds they are able to greatly influence wine aroma and flavor, including higher alcohols, esters, monterpenes, norisoprenoids and sulphur-containing com- Virtually all red wines undergo MLF and a range of white and sparkling-base wines will benefit from this bacterial driven In Focus
fermentation. The preferred LAB species used in winemaking is
Oenococcus oeni (formerly Leuconostoc oenos), specifically because of its ability to grow and perform in the low pH (>2.9) wine environment and capacity to survive in high ethanol (up to 16%), SO 2 , scarcity of nutrients and low temperature (>168C) 9, 11 . Species of Lactobacillus and Pediococcus (including Lb. plantarum, Lb. casei, Lb. brevis, Lb. hilgardii, Lb. kunkeei, P. damnosus and P. pentosaceus) have the ability to conduct MLF, however, they are usually more associated with wine spoilage 12, 13 . Fortunately, members of these two genera are not very pH tolerant (>3.5), thus their numbers can usually be managed by ensuring pH 3.5 or lower 12 .
Oenococcus oeni has a small compact genome (1.84 Mb) that most probably has resulted from specialisation to the ecological niche of wine 14 . The genome sequences of over 200 O. oeni strains has shown an enormous genetic diversity in this species 15, 16 . MLF can be unpredictable when reliant on the natural bacterial microflora. As spontaneous MLF frequently follows the alcoholic fermentation, it often is not complete until late autumn or the following spring, when temperatures warm up enabling bacterial growth again. An efficient MLF is desirable so that the wine can be protected with SO 2 to ensure no undesirable yeast or bacteria take hold and spoil the wine (examples are given below). As described above for alcoholic fermentation, it is common for winemakers to inoculate with a selected O. oeni strain to ensure an efficient 
The less pleasant yeast and bacteria
There are numerous yeast and bacteria that are naturally associated with grapes and wine, however, for some their presence is not desired 8, 12 . Although these species are usually capable of alcoholic or malolactic fermentations, it is the production of various secondary metabolites with undesirable sensory qualities that places them into the 'spoilage' category. The more prevalent microbial spoilage examples will be described -for more information see 8, 12, 18 .
Wine spoilage can usually be managed through good winemaking practices.
Brettanomyces bruxellensis readily proliferates and can survive in wine for long periods, particularly following alcoholic fermentation and during wine ageing in oak barrels 19 . This yeast can cause numerous wine faults, including turbidity in unfortified wines, excessive volatile acidity in sherry, mousy taint and rancid isovaleric acid. However, its greatest impact is through the production of ).
In Focus
Zygosaccharomyces bailii has a unique combination of properties that contribute to its role as a spoilage microorganism; high tolerance to ethanol, growth at low pH and high sugar, and resistance to preservatives used in winemaking (including SO 2 and sorbic acid) 18 .
Pediococcus species in wine is undesirable as these bacteria are able to produce excessive amounts of exopolysaccharides (such as b-D-glucans) which make wines viscous with a thick texturereferred to as 'ropy wine' 21 . This type of spoilage tends to occur in low acid (high pH) wines. 
